
AD-AiI 376 DETERMINATION OF OXYGENF RIF77W..~~ n
(U) ROYAL SIGNALS AND RADAR ESTABLISHMENT MALVERN
(ENGLAND) R Wi SERIES AUG 82 RSRE-HEMO-3479

UNCLASSIFIED DRIC-BR-85269 F/G 9/5 N



21j.2

miniw IU I gonu

MICROCOPY RESOLUTION TEST CHART
flAIONIA. BuMWAU or SiANOAftS -13- A



UNLIMrTED BR85269

RSRE
MEMORANDUM No. 3479

ROYAL SIGNALS & RADAR
ESTABLISHMENT

DETEINATION OF OXYGEN AND CAON IN SILICON WAFERS

Author: R W Series

c; PROCUREMENT EXECUTIVE,
z MINISTRY OF DEFENCE,

U RSRE MALVERN,
WORCS.z= - DTIC

ELECTIE
o NOV 129 g .
! S* E

. U) .. ,, mmlm mmmm ][ UNLIITgD



ROYAL SIGNALS AND RADAR ESTAS M NT

Mma randum 3479

Title: DETERMINATION OF OXYGZN A D CARBON IN SILICON WAFERS

Author: R W Series

Date: August 1982

2

Possibilities for the use of a dispersive infrared spectropbotomter to
determine the oxygen and carbon content of device quality silicon wafers have
been examined. A novel approach to the analysis of the spectra based on a
curve fitting mthod baa been employed. This has been shov to provide very

,,,..it4ood rejection of interferences due to absorptions cussed by precipitates
present in heat treated aterial. Single instrument precisious for measure-
smets on 35o i devij. quality wafers of better than 1OZ for oxygen and
+I 2 x 1016 '&om ca - for carbon with no correcton for wafer backsurface

S/'finish are reported.

Distribution/

AvallabSlitV Codes

vail. and/e
Dist specill

•"ICO\D

This frmm iot dvance infornoion. it is not necessarily to be
r ngded asa final or official stteent by Procurement Executive. Ministryof Defence

Copyright

C
Controller HMSO London

1982



M53 IWEOSAND No 3479

* Iin =31AuTION 0f OXYGI AND CARBON IN SILICON WAMlS

R W Series

1 ITNODUCTION

2 couvguzo OF TI33sTrAusCZ To ASS3AxSz

3 INIra TIDu ARIA 1SUR01T 16130

4 cuRV ITING 131300

4.1 Analysis

5 RESULTS

5.1 I9ffect of Slit Width
5.2 Thickness 11imeitch Between Snle and Reference
5.*3 Wafer lhasuwinsnto

* 1 INTRODUMTOU

This somim suinariss results Of 8 study conducted at 3533 into
* development of method. suitable to determine the oxygen and carbon content of

device quality silicon wafters using measureme based on local siodo infrared
absorption at 1106 cml and 605 mm 1'l The equipment consists of a Perkin liner
580B dispersive ratio recording infrared spectropbotmter and a medel 3500 data
station. All computing was carried omut using standard BASIC a" supplied with the

* data station. The sapasis of the work has been to develop quick. non destruc-
tive methods which are as insensitive as possible to surface finish and other
interferences. In keeping with these constraints no atte~t has been made to
use low tosierature ueasuremnts or special sanle preparation techniques. Two
differing mthmsitical methods have been used to analyse the spectra. The first
Is based on integrated area measuremaet and the second on a curve f itting method
developed at 2922. While there is little to chose between the two, the curve

* fitting method offers imroved performace for difficult and beat treated oeples.
* The method has been routinely used at MORE for over a year with no problem.
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Copies of the prore, Whcb include provsilon for fully autmtLc costrol of

the spectrepbotmnter we available on request.

2 COMMION OF 13AIMO WA TO 5SOUAMI

he& using smy amnlytic mthod to mslyse the spectre it i esoceesary
first to ceevert the meowed tramsmitecwe to ebeorbaece. As sbo Is
reference I the approinstione ceimly wed my lead to errors is oes" of

152 ve this motes re missured. lhe effects of various approimtLoss for

the ceversion of treaittce, to absorbace have therefore beesn examined.

The trsmisoa through smple with both surfaces polised my be

witten (u81ectin8 £terterece effecte)l

* 1 * T 2ep(-e)/(,Beu(-)) (2.1)

ibere R is the reflectiom coefficient snd a do aberbemce.

To a fuse appreelmstiom

s• -t'r) * Z1ta(1-1 (2.1)

Wich is the mot emosly used relsimobip. A ub better Vp WreIeMte e*-

ties is

a.-4aC?) - Wa1k4 *- O3 T -2!~ (U. )

With this appreximtiem the erots e Ieee thee 4 for all values of a.

With mples is both referee. and somple bem the eorrespeadiq squat iee
r ire

* * - i . -ta 1ei(2)( 2 1 (2.)

where A is the aboeebece is the refereee bee.
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* Physically the diftegom. betweem the approgiumcLom I c~u.pom to ow
diffum..c beftoom light possif em. tbrouh the omle, mod acwamI beif
mdo of mltipla ref Isrinsm vithbla the "Opts (fit 0).

Via= I

For well pellshid motes q'prmimstle 13) ad we to be prisfrred.
Wu Inr %st.,. with b..wy beth ewtw awWdL I i poslibl that retleccdop

aft the rs surtw. is supeed swtha hu -2 ad 3-4 prowl" Wt4ur 4ecrip-

tim. TIas peit c( solp be r.eolvd bype'rm s discssed laor.

3 WULCOMS"M -1mim!lo

US. aP0410 aWO meemud OWQWid~ 1. .bDmbWA. LtmW bNWIA W..Or

fiuted to the on" bead ad the 4arb6m/ili..m hood. The ItM.VtMem sat
the roo niii@-i o@7 for the qpg bood, &W4ot ow1 fo the Itsfec
absrpin 6wm59 gel for g g thesi bopa 1mm we them saw t* eestie
tabidwaeq sq- mod wm d~ttrwe. betwem the sa"I* aid Wetrm.

loerte &rlse 1-240.00W, t (muw for bosellee)
Isesalqited am 00- 610 =7 (oormws for hesellso)

3)e I"boted we 1"W S M M teorted for bo"Ifoo)

h OT*C c~T C1 44N 0 1 (2.

S3 0 CZAT *C3 (TOM I C (2.2)

S) * CT*#CS (To&"I c1 (0.2)

Aarse co o ft mtria srpi -showh.. fee Pe .m biflm w mopo bow.
IC* 0 gMW @be@ p is for *sia mven omt.
C2 a I Got" eSp is P"r gait atheft sww suet *1 as bead
C3 0 Corlose abo lea Per left oe"Mmteuio @wa 6101610 bowd
c 4 o 81 mti a*ssralmm Pee gsa tbicose owe 4101)95 bead "

)



c Ceibin SbeOWpIsm POW iti COMIroas ever *10/59S rn' bamd
V hsAdm. et rferenre s.w4*

8?* hibe..66 iffamo beews. referesi. mW ampt
to)01 an" case mifm of earl*
ICI 0 C~ub" COesWeS0091 of MW

Wee.,"G e c wer e Obaima isob* utpds isb baeu -pl MA c..

6m lbWreme dese ilbed son"r arb" OWs s1.90.em m 04 atu*4

fese. 6 onwee Ois of do pin ousdd min MAX a 0eew OW V
ad the impe. O.tdd votshes g W ad4 of aeremgo. Sa 1*4 E.co
046"100 ).1. ).2 "- 3.) usie 044"d for Ci.OuS.

to aetaerift no am aw tm~4 eid Wbic"Og st OWWu taw$**
fetfeim )J1 am M. oe owl"s Wt w CI l sci. m 1n.1 oft OA 99

to"~ 1 tok now*. "Mitam W~i oebm as Oi~e ei tOMM b 0
,ewadte teeee. towto MeI 0" sa om aqls 1.2 of 1.' l

faiemee Lem - wse *" am Is a* "ade Ofmef tame * mm

4* mm tnim mmb o sm mrW@Sm

ase uwiam is Oatf. a tarn i I Isbi i. (of s eeeea
So6I bad Ga ism p1 8~6d Sto giv "a Ibe ad tat" tel.
no sanmi Ie4, a.~. Opt"Is a eet.ei"AWttsre P

S41 * YI ' 0.0~

ms_ tot tat 400 M



SOO1  % % eal~l ,1al * 61 (4.1)u)

Am*

yy o 10eovaa Wrs

lie oeistr
as

* voitf is 04Ihow 64411 owes@ am woomf

% 0 ONPp Is Gempl - so" s I.vte"m

% o * b is smou - Cbm tosa w

Pit * Skikdai dbowuid moro bo

rP" 0 Oaw400"m

#as * $41 WH do 4 m m"6

fn* Cem e m goom bo

VOW 0 MONs SA Wi N- 10 6601MU

14 ae" to orNwe& ah

IDS £ ts1 a £0*n",Y"

vogotuS k toC 1" elk So* 0. em am ca't-e Md" o aft. i.

- ~ ~ ~ tlo of to*i his me~ mime.o 1. mel- 5

owim ft II~ II -w not ismtw.I



a ON
~~uI~ v 4i)- .

% ONS Sh%)I5 - *

)66

s J~r

%

4 - Ous ftskw" smo ow tom O6 El Os ''sm ow
II4- am- so- OWN swom m* me odpea W et

amo a s "t"No mwew. 0*0m" cmtti. okww0 .sowt
as s w~ so wk 94 so "Mom 4"".

% 61 *, 1 , %fit"O % a 14'.hl)

* % % antl otsl

*a Elmo4'A



%e as own sm""~a a#"~a

N. I Ofe ft"Um" dals ""Wa I AW01&

b SjW FA OW* 4#*MW WIMS #40"W 1 &N

bu wtote ""Ma dfi.b ."4. I a" I
bi she # 44 ONftffe 4W44, .I

S" b"044 IOM e I.4O W& f *40*" *to

I aw

I* ptom*

aw e am~ sofetl ow s%* 4"e 0 o. .*t u*~

MEMO an I #W SIM m uhn WOM m0 OOINO *f Ow oU AM 0FA

of* o"M 6 oft" tomio"e 00#40 ~. tail a* wh
ftA.t SHIAW W*O S.~tl f Mt I0 pS. 0046 SWOMI tW4WV

fto ft t fmk wlf* emn mmd s.it TW a-_- too" i to

t* ow MeU mmbk hIt~ mo It b.4m* .4 NoSi1 S.4
Gu~tom * #sw*"do eke## O# a* ayowtomm istw'-va



ofe we *a of *0 ems -I Qe& m 04 #We* elt
am bmftf so as .l. SAWAV~ to wo *me .f 1a1 Of "

om mom Upslb a" o e" i~gs "in Ow ofI.

Ism he .94ato WIs Ofesb. fttlm me "mom4. "m~S ow f
On ubuue Wv$.m - a. 04 S ama 40ot ow6 qm *o ftot

a SW s m. .Meonw sip" ows se~ lw em so am.

"Nw wg an%* ft we-. m~ ft
MWM 0MMSO U gO6 sslm*. 1i6s Upm 6is WO ON mwINWO

pfa.t iNnb~ls a@ ##=o so"sa as *Q

tohsm a pwf la Im UNS. Ue is's am &am

p" ftf N* seasep t sa Out "m . em toon am
w* a@~ al we km a wau. ft. so e, ofgomw

aw Saiwo ft~ me-r a* as *sn peum a she m~
so so~m SIIMM or so IM Owt a ,a.

-0on town" WOO amu~ tf " smow " a m "tm so"*sm~
a* U im aw at "am Im - mam" iw as-ete .p

- Im enme. ~t. N aa. N eaf so Owl"'s.
ftam m 4u " lo" fSf tdtM

mom. a alma. pf. am samw""W a. #wsw -m



4194RMM I4 $? ON Sed 90 r'.'140 Csrrsr~iOs tsW rWtScuiS& Carn

j44m I" dwf *is* ofIS edsmmgm go1 a is wb . SOMS e
abam to 941.* 4 vb~b shn e VW avea bvsb bfwo i~.uW&e

ad vam W0 eisigs& OWd 444 ima.utigi'igi s I~kbm*s isft bom*

-sa am of -0 m ~av lt~elga m 46A #of s. WaIw 0s"

CW..I f .464 m et Mi -i0 isOIWis 04*60N tr beftAP

W tii andu.*S S e kno tsr1W Wt ta$ .h to* ge*&SOWPWSrw W%

sot o W We Wv - 4 0ametoes gits oue. ohm *ShW a r.*th-

am* so seav, is A am UAisae vtOISO bwm. lo 60PerVt

a... .... .. pe~ w te emp ad mfoe badu ftow * s o"1

W "w. ft So vie Smt S Ot asemiq e r4wb *444 votap

oven .ismm W4 0 to I pis and mems 3 . Ast we" .ih41.

064 Noit m0 as sofl to be., #j AsW0164040bNW wl

kla e -01 66 0 eseet at 1 =1 I me R1Sbm e NWat St mr u

law jD momia to"$ * t 810 406 0tt Ow" tit ad *ibW

.Dw .fie am seae - ftt~ I. as 6Op he -. "t 41000
gem*a Sa sa# amne isi no *"t of as Web ftt a oftou

t~m a, agma 1 gbkb s W a) om sa WW oltO

so No a m. effet #0t". at Opmt ofs w ereft a **A t. warm

#0 ao. -tomse fm -o pow as~ a"e 60 ~b Me mo* qse610

emi0 m hke* -MM *OMWe wO 401 itib tn emta wae@ OW~ tI4/

*w owso te ta fp t ptlea 59*1e a . Ce@gyp* m ct"

a~ ~ s 1. to M~e mom z * Sam,"S woo &wstd thpae

ma MOO*"" d9



assmption that there was no multiple reflection inside the wafer (equation 2.4)

gave wo significant improvement (table 4). A detailed comparison was made

between the fitted spectra and the actual spectra of one of the back damaged

ofers. This is shown in figure 2. where it may be seen that systematic errors

exist between the fitted and actual spectra. To investigate these errors

further a spectrum was created to correspond to the best fit which could be made

to the spectrw using th actual oxygen content of the wafer. This is shown

is figure 3 copared to the actual spectrun. Also shown in figure 3 is the

diforsesce spectrum which represents the residuals. It may be seen that these

follow a smoth curve sowing that there is curvature of the baseline. To

reduce this source of error it was found mest convenient to reduce the limits

over which the data is fitted to 1130/1060 c- I. As shown in table 5 this
petly reduces the systematic errors asscilated with the back damaged wafers

whilst resotasine te accecy of the measurments for the chemically polished

voters.

to table 6 data for wafers have been nlysed using both curve fitting and

inegrated area methods. The integrated area method results used equation

3-4 so coommit tvasmittamce to absorbasce while the curve fitting method uses

e"ties 2-5. The istepased area, easuremnts for oxygen are systematically

St low ptieily because of the approximation used to convert transmittance

to abseb1sce.

5.4 Bet e ted SMotes

V Ce silicon is beat treated precipitates of crystabolite and amorphous

5i0 we frmed. Thes, precipitates give rise to absorptions at 1225 cM71 ,

112 mar' sed 1080 c wr1 uhich over lap the 1106 cm1 interstitial oxygen band.

jla teels, whm m eal tos of the isterstitial oxygen are made using the

1106 1 pos, pe roblem arise is drawing a suitable base line. With the curve

ftta method the baselis is fitted using data from all the spectral band being

esaeAed. TMis maes te method such less sensitive to interference from over-

lopping bnd. To test the method a got of 2 m thick saples vith oxygen

etotete is the te 1.3 - 1.5 x 10 atom c-3 (ASlM F121-76) and carbon con-

t. ts of 2-4 a 10t 6 ste. 0m7 (Am f2l-74) were prepared and isothermally

amealed is um ranse I)0*C - 10SC. Figare 4 shows eaples of the spectra.

Is additles to the abgertios at 1106 ca l interstitial oxygen pives rise to

a bow at $51 Carl.3lawe et*I slsmw abm that this absorption is due to

10



clustred interstitial oxygen. This band suffers very much less from overlap

with precipitate bands. It is not often used for quantitative measurement since

it is much less intense than the 1106 cm"1 band and its narrow half-width make
it vwauitable for wafer measurements where interference fringes would cause

sewvre problems. For well characterised 2mm samples the 515 cm-1 band may be

used as a measure of the interstitial oxygen. In figures 5(a) and 6(a) the

interstitial oxygen content measured by the peak height at 1106 cm- 1 is

Compared to that determined from the 515 cm-1 band. It may be seen that in

the highly precipitated samples the apparent interstitial oxygen content is

overestimuted by about 3 x 1017 atom cm-1 . This is due to the underlying

precipitate absorptions. When the data were analysed using the curve fitting

metbod in the range 1130/1080 cm-1 (figure 5(b) and 6(b)) very good agreement

we. loved masurement with no sign of systematic error for all anneals below

[Go00C. ?be 1050C annealed samples showed some sign of systematic error.

TMis is thought to be due to a change in shape of the 1106 cm-1 band due to
palriag of the oxygen atoms as distinct from true precipitation. This is

discussed more fully by Shimura et al

The results on the heat treated samples show that the curve fitting method

Is very well suited to making measurements on spectra where the band of

teroest is superimposed on interfering bands of unknown shape.

S CONCLUION

both cmrve fitting and integrated area measurements may be used to

denevmdi the oxygen and carbon content of device quality wafers. It is

iotant to restrict the limits over which the spectra are analysed or syste-

stle errors my be found in back damaged wafers. Instrument resolution is

flOw to affect the accuracy of carbon measurement. The optimum resulution is

a eimiee between the effects of noise and interference fringes and Beers

law se limearity. Although the optimum conditons will vary between instruments

fte folleviog ceaditons have been found to give satisfactory results:

twooletiaio 7 cmvl oxygen band

5.5 cm"1 carbon band

n Fitting mthod: 1130 - 1080 cm"1 for oxygen

640 - 580 cm"1 for carbon



Integrated Area method:

Baseline: 1130/1120 and 1090/1080 for oxygen

640/630 and 595/580 for carbon

-1
Peak Area: 1120/1090 cm for oxygen

630/610 cm-1 for silicon + carbon

610/595 cm-1 for carbon + silicon

In both cases the scan speed should be chosen to give the desired com-

promise between accuracy and analysis time.
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TABLE 1

NON LINEARITIES DUE TO INSTRUMENT RESOLUTION

CARBON
A2 t-1 % ERROR AT RESOLUTION SHOWN
A cm-1 -1 -

RESOLUTION 4 cm 5.5 cm 12 cm1

3.5 x 10o16  -3 3 43

4.3 x 101 -5 0 33

5.5 x10 16  0 0 2

8.4 x 10 16  5 4 -9

10.6 x101 0 1 7



TABLE 2

EFFECT OF REFERENCE THICKNESS WITH 2-m NOMINAL THICKNESS SAMPLES

Integrated Area Method

Peak Upper Baseline Lover Baseline

Oxygen 1125/1090 1180/1145 1065/1030
Silicon + Carbon 626/612 648/632 607/602
Carbon + Silicon 607/602 648/632 607/602

Oxygen Carbon Thickness

(xlO18 atom cm)-3  (xlO16 atom cm- 3) (iu)

Sample Reference Thickness Reference Thickness Reference ThicknessSp 1.910 2.000 0 1.910 2.000 0 1.910 2.000 0

02 1.67 1.67 1.69 3.2 3.6 2.5 1.931 1.939 1.924
014 1.33 1.32 1.35 5.2 5.4 4.9 1.975 1.985 1.964
#29 .85 .84 .86 13.1 13.2 12.2 1.963 1.971 1.949

b Curve Fitting Method

Oxygen band: 1180/1030 c-

Carbon band: 640/580 cm 1

Oxygen Carbon Thickness

(xlO1 8 atom cm-3) (xlO16 atom cm-3 (AI)
eference Thickness Reference Thickness Reference Thickness

Sample 1.910 2.000 0 1.910 2.000 0 1.910 2.000 0

*2 1.67 1.66 1.68 3.4 3.7 2.5 1.931 1.940 1.934
1014 1.33 1.32 1.34 5.2 5.5 5.0 1.977 1.987 1.974
*29 .85 .84 .86 13.2 13.3 12.4 1.965 1.976 1.960

" .. ..-............... A- ,m m n I



TABLE 3

CURVE FITTING METHOD ON WAFERS

Scan Limits 1130/1080 cm"1 and 640/580 cm" Reference eam - Attenuator set

to 542. All Wafers Chem Polished.

WAFER ACTUAL MEASURED ACTUAL MEASURED ACTUAL MEASURED TRANSMISSION
OXYGEN OXYGEN CARBON CARBON THICKNESS THICKNESS

x 1018 satom cma"  x 1016 &ton c -3  um

A 1.81 1.80 1.4 2.9 360 347 H

B 1.59 1.57 2.1 3.0 338 331 a

C 1.47 1.43 2.8 2.7 364 306 H

D 1.29 1.33 3.9 4.1 364 348 H

2 1.2 1.12 6.0 6.6 339 328 H

F 1.61 1.55 4.0 4.4 364 370 M

G 1.47 1.49 5.0 5.0 369 357 H

1 1.38 1.10 7.8 6.9 338 361 1

1 1.71 1.65 3.0 2.8 351 338 H

J 1.53 1.43 4.0 2.0 372 409 L

K 1.40 1.31 5.0 4.5 359 349 H

L 1.30 1.27 6.8 7.8 364 353 H

1 1.18 1.19 13.4 9.9 377 371 H

N 1.78 1.68 .4 .4 340 336 H

0 1.57 1.51 .7 1.1 342 332 H

P 1.39 1.40 1.2 1.5 343 339 H

Q 1.20 1.18 1.9 1.8 348 348 H

R 1.10 1.28 3.9 3.9 368 365 H

H - lOOZ - 502 transmission

M - 50% - 202 transmission

L - 202 - 102 transmission

VL - <1OZ transmission
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TANS 5

DUCT OF CAN LIIS Oam M amamT

WBAWL! 0-G
1200/100 i-l 11301106 i-1

A 1.1 10i1s 1.79 a 1011 1.80 i1

At 1.1 1016 2.01 1018 1.9 a 10 1

8 1.59 a 101 i 1.5 a 1010 1.57 * 101

.' 1.59 1016 1.09 x 101I 1.56 a 1018

c 1.47 x o10 1.44 a 11l 1.43 3 101i

C' 1.47 Z 1010 1.83 a 1018 1.49 a 1018

0 1.29 • 1016 1.34 x 101 1.33 a 10l

Do  1.29 x 1010 1.59 2 101i 1.39 2 10i

a 1.3 a 10is 1.12 1010 1.12 • loll

g' 1.2 x 101 1.52 a 101i 1.26 x lots

i
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